4 COAL LIQUEFACTION PROCESSES

There are both direct and indirect routes for the conversion of coal
to high-quality transportation fuels.  In the indirect routes, the
molecular structure of the coal is completely destroyed and the simple
molecules of CO and H2 that result are used to build molecules of com-
bustible liquids. In the direct routes, the coal molecules are broken
down into lower boiling hydrocarbons while preserving as many as possible
of the original chemical bonds in the coal.

The products of the two routes have different refining characteris-
tics. The liquids from the direct processes resemble petroleum crudes
and can be refined in much the same way into high-quality transpor-
tation fuels.  The liquids from the indirect processes vary from process
to process and differ in character.

This chapter deals primarily with the refining of coal liquids
obtained by direct routes. The refining of coal liquids obtained by
indirect routes is discussed only when it can add perspective to some
aspect of the overall problem.

THE ROLE OF HYDROGEN

Central to any discussion of the conversion of coal to liquids and ulti-
mately to high-quality transportation fuels is the important role of
hydrogen. Hydrogen is required not only to increase the hydrogen/carbon
(H/C) ratio from that available in coal to that required in the end-
products, but also to remove the undesirable heteroatoms (N, S, and 0)
present in the coal molecules.

The problem with the H/C ratios of coal products can be seen in
Figure 5.  In refining petroleum crudes, the most common method of in-
creasing the H/C ratio is to reject carbon as a low-hydrogen coke or
residuum (Figure 5).  This practice plays a varying role in coal con-
version processes.  In some processes (such as pyrolysis), a liquid with
a higher H/C ratio is produced for further refining, and a char with
a lower H/C ratio than the coal is rejected.  However, in the case of
coal, so much hydrogen is needed that at some point in the liquefaction
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